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Reactor Coolant System General Arrangement
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MCL . Ui

MCP - Main coolant pump

SG - Steam Generator

RPV - Reactor pressure vessel
PZR - Pressurizer

MCL - Main coolant line
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Reactor Coolant System — Key Parameters

Typical
Parameter 4-L.oop
(Uprated)

Design Life 40 60
Thermal Power, MW 3587
Electrical Power (Net), MW 1220 1600
Plant Efficiency, Percent 34 @
Hot Leg Temperature, F 619 624
Cold Leg Temperature, F 559 563
Reactor Coolant Flow Per Loop, gpm 100,500 125,000
Primary System Operating Pressure, psia 2250 2250
Steam Pressure, psia 1000
Steam Flow Per Loop, Mlb/hr 4.1 5.17
Total RCS Volume, cu.ft. 12,265
Pressurizer Volume, cu.ft. 1800 2649
SG Secondary Inventory at Full Power, Ibm 101,000

Introduction to U.S. EPR Presented to US DOE October 20, 2006



Reactor Pressure Vessel

Technical
Description Data

Design Life 60 years
Coolant volume approx. 5300 ft®
Vessel Outlet Pressure 2250 psia
Vessel Inlet Temperature 563 F
Vessel Outlet Temperature 624 F
Design pressure 2550 psia
Design temperature 664 F
Vessel Material SA508 Gr3 CI1
Cladding Material 308L/309L SS

region

* No penetrations in RV lower head
* No Alloy 600 in RCS applications

* Minimum number of welds in RV beltline
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RPV Materials

MAIN PART PRODUCT FORM

Sub Assembly Semi-finished Parts MATERIAL FOR EPR

16MND5,

equivalent to:

SA-508 Grade 3 Class 1
20 MnMoNi 55

16MND5,

equivalent to:

SA-508 Grade 3 Class 1
20 MnMoNi 55

40NCDV7-03,

equivalent to:

SA-540 Grade B 24 Class 2
26 NiCrMo 14 6

40NCDV7-03 or 40NCD7-03
equivalent to:

SA-540 Grade B 24 Class 2
34 CrNiMo 6 S

40NCD7-03,

equivalent to:

SA-540 Grade B 24 Class 2
26 NiCrMo14 6

Z2CN19-10+N2,
RPV Adapters (CRDM) Tubes/ flange alloy 690
20Mn 5/ X6 CrNiNb 18 10

Z2CN19-10+N2,
forged bars Type 347, 316L
X6 CrNiNb 18 10 S

RPV Shells, Flange,

Cover/Bottom Dome forgings

RPV Nozzles forgings

RPV Studs forged bars

RPV Nuts forged bars or rings

RPV Washers forged bars or rings

Other RPV Adapters and
Flange Heads
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Reactor pressure vessel
nozzle shell)
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RPV Closure Head
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RPV Internals

» Requirements and
functions:

Direct coolant flow in
RPV

Shield RPV against
excessive neutron
irradiation

Maintain position and
alignment of fuel
assemblies

Align RCCAs, and absorb
impact energy of RCCAs
following shutdown

Support and guide
Instrumentation lances
and RPV level
measurement probes

Accommodate irradiation
specimens for brittle
fracture surveillance of
RPV
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EPR Heavy reflector

» Replacement of core baffle
assembly by a heavy
reflector

+ Reduces fuel cycle cost

¢ Improves long-term
mechanical behavior of
lower internals :

* No bolts or welds in the most
irradiated areas

e Temperature distribution in
heavy reflector controlled via
flow holes

* No "baffle jetting"
* Reduced LOCA hydraulic
loads

+ Protects RPV shell against
radiation embrittlement
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EPR upper internals

Upper support

RGA

upport columns

Upper core plate

Fuel alignment
pins
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A%
per Internals/Core Instrumentation

CONFIGURATION OF INSTRUMENTATION LANCES
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EPR Control Rod Drive Mechanisms

Description Technical Data
Type of CRDM Electromagnetic jack
Type of installation Vertical, flanged
Quantity 89
Scram time max. allowed 35s
(preliminary)
Step increment 10 mm (0.394 inch)
Maximum stepping speed 75 s/min

»CRDM functions:
* RCS pressure boundary

 Insert and withdraw RCCAs over entire
height of core, and hold RCCAs in any
selected step position.

* Trip RCCAs on demand by interrupting
power to coil circuit.

* Provide RCCA position indication via
digital and analog position indicating
systems.
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STEAM DRUM

EVAPORATOR

Level measurement nozzle

[ (narrow and wide ranges)

Manway (secondar
side)

Access ladder

Sampling tap

Emergency feedwater ———» I-

nozzle

( Access opening to tube
bundle (with welded cover)

Tie rod

Inspection Port

Bundle wrapper

Level measurement nozz|e/v
(narrow range)

i
Upper lateral support brackets %

Steam generator: Layout

il
i}

/vi

Divider plate

\ Level measurement nozzle
(wide range)

Tubesheet

Partition plate (primary side)

—W
ol
E 00|

Manway (Primary side)

Steam outlet nozzle

Dryer frames

Manway (secondary side)

Swirl vane separator

Swirl vane separators
supporting device
Emergency feedwater ring

Feedwater distribution
system

Feedwater nozzle

Anti-vibration bar

Tube support plates

Half double wrapper

U-tubes

Tube support plates
(two halves)

Blowdown tap

Channel head

Primary nozzle
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»Pressure shell »Double wrapper

»Divider plate

»Bundle wrapper

10 % recirculated
90 % recirculated water

100 % feedwater

»Double wrapper
»Pressure shell

1A

»Bundle wrapper

»Divider plate

HOT LEG COLD LEG

Steam Generator Axial Economizer
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EPR STEAM GENERATORS

Primary Side Parameters

Thermal Power per SG
Thermal Design Flowrate
Temperature at SG Inlet
Temperature at SG Outlet
Average SG Temperature
Reactor Coolant Pressure
Primary Design Pressure

Secondary Side Parameters

Outlet Steam Static Pressure
Secondary Design Pressure
Steam Flowrate

Feedwater Temperature
Overall Circulation Ratio
Water Mass

Steam Mass

Total Mass

Selected Materials

Tubing

Shell & Channel Head
Channel Head Cladding
Tube Sheet Cladding
Tube Support Plates
Anti-Vibration Bars

1131.5 MWth
12250 Ibm/s
625.6°F (329.8°C)
563.7°F (295.4°C)
594.7°F (312.6°C)
2250 psia (155 bar)
2550 psia

1118 psia (77.1 bar)

1450 psia

1407.4 Ibm/s (638.4 kg/s)
446°F (230°C)

3.6

85.1 Tons (77.2 Metric Tons)
6.06 Tons (5.50 Metric Tons)
91.2 Tons (82.7 Metric Tons)

Alloy-690 TT
SA508 Gr3 CI2
308L / 309L SS
Ni Cr Fe Alloy
410 SS

405 SS
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EPR Reactor Coolant Pump

RCP UNIT
- Design Pressure 2550 psia  (17.6 MPa )
- Design Temperature 664 °F (351 °C)
- Unit overall height 30.7ft (9.362m )
- Number of Seal Stages 3
- Seal water injection 79gpm (1.8m°/h)

- Seal water return

- Cooling water flow (thermal barrier)

2.99gpm (0.680m°/h )
39.63 gpm (9m3/h )

- Maximum continuous cooling water | 113 °F (405 °C)
PUMP

- Best estimate flowrate 125000 gpm (28320 m °/h )

- Best estimate manometric head 330 ft (100.6 m )

- Thermalhydraulic flowrate
- Mechanical flowrate
- Suction temperature

- Pump discharge nozzle, inside

- Pump suction nozzle, inside
- Speed (approximately)

120000 gpm (27185 m*°/h )
135000 gpm (30585 m 3/h )

5646 °F (295.7 °C)
2.56 ft (0.78m )
2.56 ft (0.78 m )
1185 rpm
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Shaft sealing system

Standstill seal (4t seal)

provided to ensure RCP shaft
sealing during SBO W - _. |
conditions. NHINNY AR

- Standstill seal

— N°3seal

‘} H°2 seal

)

Standstill seal is manually
actuated when RCPs have
stopped and RCP seal return
is isolated.

Ring seal moves upwards
against landing on rotor via
nitrogen pressure. This
provides metal-to-metal
contact, and seals shaft.

N*1 seal
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Pressurizer - Technical Data

DESCRIPTION TECHNICAL DATA
Quantity 1
Design Life 60 Years

Design Pressure

Design Temperature

Total Free Volume

Water Volume at Full Load

Steam Volume at Full Load
Operating Temperature

Operating Pressure

Number of Operational Spray Lines
Number of Auxiliary Spray Lines
Number of Safety Valves

Number of Severe Accident Valves
Installed Heater Power (approx.)
Number of Heater Rods

Dry Weight (approx.)

Vessel Material (Ferritic Steel)
Heater Sleeves (Austenitic Stainless Steel)
Cladding

2550 psia (17.6 MPa)
684°F (362°C)
2650 ft3 (75 m?3)
1410 ft3 (40 m3)
1240 ft3 (35 m3)
653°F (345°C)
2250 psia  (15.4 MPa)
2 from RCPs

1 from CVCS

3

4 (2 pathways)

2600 kW

108 + 8 Spare

165t (15x10%kg)

SA 508 grade 3 class 2
Type 316 LN
308L / 309L SS

DN
5

Surge line
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Pressurizer Discharge Valves Arrangement

Severe accident valves

Safety valves
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Safety Relief & Severe Accident Valves

Description

Technical Data

Pressurizer Safety Valve Stations

System Design Data under Normal Conditions

e Number

e Design Pressure

e Design Temperature

e Relieving Capacity at 2550 psi (176 bar), each

Functions

e RCS overpressure protection

e LTOP during shutdown modes
e Feed & Bleed cooling with MHSI

Severe Accident Bleed Valve Station

System Design Data

e Number

e Design Pressure

e Design Temperature

e Relieving Capacity at 2550 psia, each

Functions
e RCS depressurization during severe
accident

3

2550 psia (176 bar)

684°F (362°C)

330 Tons/hr (300 Metric Tons/hr)

4 (arranged in 2 paths)

2550 psia (176 bar)

684°F (362°C)

992 Tons/hr (900 Metric Tons/hr)
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Pressurizer Safety Valves

Design Parameters Technical Data I::'
Number 3
Relieving capacity at 2550 psia 66x104 lbm/hr a B | i oy
(176 bar), each = R ET
Design Pressure 2535 psia (176 bar) H § N

=’ TN
Design Temperature 684°F (362°C) \ g\\;;négx\' )

_ — NN L
Operating Characteristics LR =l/ "
eDead Time 05s NN,
eOpening Time 15s g\%"‘:

Fluid Saturated Steam N\

ol

Back Pressure

eMinimum 17.4 psia (1.2 bar)

eMaximum during discharge 740 psia (51 bar) g 59
: S |
VIENNZE D I
ufy \
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JEC/JEF - Main Coolant Lines and
Surge Line

LCOP 2 LOoP 3

REACTOR CAVITY

FUITS ce CUNVE

l‘::c\{.l:_..k\.l’-'l

Loap 4

MOT BINDING FOR EXECUTION
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(eliminates need for thermal sleeves).

to simplify welding and inspections.

Fabricated of 304LN stainless steel.

SECTIONE il
g

SECTICND

SECTION G

SECTIONF

SECTION

SECTION B

SECTICN &

Reactor coolant piping is manufactured from
forgings with nozzles incorporated into forgings

Other nozzles are welded on a base plate (butt weld)

- C3
1l
c2

Main Coolant Lines

H1
H3

Cc1

u3
u4

u1

uz &
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MAIN FLUID SYSTEMS
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L. v o s SIS 2 CHRS1 oo Emam;m Systom L. Al 2) Passive header suction side
Surge Tank EBT Extra Borating Tank Surge Tank P ; /l 3) Passive header discharge side
o EFws goncy y L \,__l
g EFWT Emergency Feed Water Tank il N DB Dedicated Bleed
= T S W e | R e
" EBS Train 3 el Low Haad Sefety Injoction” = GHRS Dedicated Cooling Chain _ HP High Pressure
3 T PRZ Pressurizer
Passive Header MRS Madium Head Safsty Injection L/ PRZ RT Pressurizer Relief Tank
Suction Sids - msiv Main Staam lsolation Valve PRZ BV Prossurizor Safety Vaiva
MRy Main Stoam Rellef Valvo RD Rupture Disk
MsSV Main Steam Safety Valve
sis System
SISIRHRS Safety Injection System / Residual Heat Removal System
veT Volume Control Tank
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Installation in the Safeguard Buildings

division 2 division 3

division 1 division 4

Steam lines penetrations
Feedwater lines penetrations

ESWS ESWS

CCWS CCWS

SIS/RHRS SIS/RHRS

CHRS )/ } CHRS

PREADIN
EFWS AREA EFWS
EBS @)ent Fuel Storage PO(D FPCS Airplane crash protected buildings
D
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Section A-A

Intentionally Left Blank
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Main Steam/Main Feed Water Systems

rapilig
Ty
Tryssslinl

o
I

(@ Steam Generator Simplex LP Heater Drains Cooler (%) Startup and Shutdown Pump @2 Reheater Stage 1 Drains Tank
@) HP Turbine (® Duplex LP Heater A1/A2 HP Heater A6 (@3 Reheater Stage 2 Drains Tank
@ LP Turbine LP Heater A3 @ HP Heater A7 Moisture Separator Drains Pump
(@ condenser () LP Heater Drains Pump Reheater Stage 2 Drains Cooler @D Auxiliary Steam Header

@ 3x50% Condensate Extraction Pumps @ LP Heater A4 Moisture Pre- Separator (Powersep)

@ Gland Steam Condenser @ Deaerator/Feedwater Storage Tank Moisture Separator / Reheater

@ Blowdown Cooler (Nuclear Island) 4 x 33% Feedwater Pumps @ Moisture Separator Drains Tank
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Main Steam System Overpressure

Protection

25% 25%

X
WULCV %z

Drain line

Outdoor Area
E Silencer
Reactor Building Safequard Pipe Bridge
Building
MSSV MSSV Drain line
msrly . MSRV ﬁ ﬂ
MSIV To turbine

hall
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Fuel Transport to
i reprocessing

Air

; Exhaust air stuck

A

Waste Waters

1 | lonic resins
Fuel pool :_i_ 7 \ fjlrli':ilc[;:iuuln exchanger HVAC system
i cooling system | - P system | in controlled area
FAK { \ FAL KL \
| ) V=
'I Fuel A I——-.
! pool
ﬁ Steam generator Coolant #| (Gaseous waste
Safety iniection |-e blowdown purification processing
1 Y & regidual heat e £ system system system
removal system I LCQ KBE - KPL
JN | .+- '
— —_—
i r Volume control Coolant Nuclear island
f system | = & deggs;f;:;ltmn vent/drain systems
Component cooling M KBA e EE— ‘:‘(BG KTA, KTB, KTC
g system L ] |
KA ' | [ i
[~ |
Pump seal Coolant supply
injection & storage o Cuulagt;;ie::]:ment
| of chemichal system > Y
& volume control KBB = KBF
Circulating water system{JEW)
system
Extra borating Ef:tt:rr ;EL'L'L
L system Sampling system teh P le
JDH KBC / KBD l
Soild waste radiuatctitve Liquid waste | Liquid waste
:jral;nsr;urt to storage system jai— “':,’,'3325[3'1“9; - P"]CEtSS'"!] storage system
inal storage system system -
KPE Hi KPE KPK

+— Solid waste

Final release *

Systems media

Overview — EPR Mechanical Systems
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